Background: Over the last several decades there has been a steady increase in pediatric ACL 6 tears, particularly in young female basketball and soccer players. Because allograft tissue for 7 pediatric ACL reconstruction (ACLR) has shown high rates of failure, autograft tissue may be the 8 best option for ACLR in this population. However, the differences in structure and mechanical 9 behavior of these tissues are not clear.
INTRODUCTION 37
A large amount of research has been devoted to characterizing the mechanical and 38 microstructural properties of the tendons and ligaments surrounding the adult human knee. Due to 39 the extreme rarity of these cadaveric specimens, relatively little is known about these properties in 40 the pediatric population. While the effects of senescent aging on the tensile properties of these 41 structures have been established, 22, 35, 58 extrapolating this data back to pre-pubescent ages is 42 inadequate. Over the past several decades, the clinical need for this data in pediatric orthopedics 43 has grown in parallel with the steady increase of diagnosed ligament tears in skeletally immature 44 patients. 3, 11, 27, 36 This trend has been attributed to several factors, including increased participation 45 in youth sports, sport specialization, year-round play, and an increase in the number of adolescents knee injuries, particularly in young female soccer and basketball athletes. 16, 47 Figure 1: Schematic showing testing designations for the procured pediatric knee specimens.
The tensile loading protocol was based on a previously published study. 33 Briefly, the 106 tissue was preloaded from a slack position to 5 N and then preconditioned with 10 cycles between 107 10 N and 5 N at 0.4% strain rate. After dwelling at 5 N, the specimen underwent a stress-relaxation 108 protocol followed by a ramp to failure at a constant quasistatic strain rate of 0.03% per second 109 (Supplemental Figure 1) . Failure of the specimen was confirmed mechanically by a sharp decrease 110 in force and visually by the observance of frayed fibers at the mid substance. The viscoelastic 111 parameter of percent relaxation was calculated as the percent change in stress from peak stress to where is the slope of the toe modulus, ′ is the slope of Young's modulus, is the strain, * is 117 the transition strain, and is the stress. Although the toe region is non-linear, the model produced Ten micrographs were obtained at 60,000x magnification transverse to the load bearing 158 axis for each specimen, and each micrograph was analyzed using a semi-automated protocol in 159 Image-J/Fiji software 44 ( Figure 4A) . A machine learning classifier was trained to distinguish the 160 darker fibrils from the lighter background of the micrograph ( Figure 4B ). The fibrils were then Cell density analysis of H&E stained sections showed higher concentrations of fibroblasts 183 in the ACL and ITB samples from Donor 5 compared to the other tendons ( Figure 5 ; Table 3 ).
184
Mean fibroblast cell count in the ITB was considerably greater (1734.4 ± 327.9 cells/mm 2 ) than 185 the other candidate graft tendons, especially the quadriceps tendon (296.5 ± 49.2 cells/mm 2 ). differences between the ACL and the knee tendons of interest ( Figure 5 ). In all of the samples 194 studied, crimp wavelengths appeared extremely uniform, with low amounts of intrafiber variation populations ( Figure 6) . Interestingly, there are also relative differences in mechanical properties 216 between the native ACL and autograft tendons in adults. For example, all three graft tissues have 217 been shown to exhibit ultimate tensile loads and stiffnesses that are higher than that reported for 218 Figure 6 : Ultimate stress-strain plot for the data presented by the current study (non-filled points) compared to data reported in the adult population (filled points). Data points represent the average ultimate stress and ultimate strain and the error bars indicate the standard deviation.
including the patellar tendon (417±107 MPa, 76.2±25.1 MPa). 48 This is in agreement with our data 222 for a pediatric population, which showed that the semitendinosus tendons and ITBs are stronger 223 and less compliant than the quadriceps or patellar tendons. We also found relatively large subject- response to load and the non-linear toe region of the stress-strain curve represents the extension of 237 these crimps ( Figure 3B) . 26 Past the transition point and into the linear region, the crimps are fully 238 recruited and resistance is provided by the stretching of the collagen triple helix and the cross 239 linkages between these helices. In tendons and ligaments, higher crimp frequency likely provides 240 a protection to the structure during sudden increases in intrinsic forces produced by muscular quadriceps, and semitendinosus tendon samples possessed a lower crimp frequency compared to 243 the ITB and the ACL. This may help to explain the slightly more prolonged toe region for the 244 pediatric ACL ( Interestingly, the pediatric ITB did not exhibit toe region properties similar to the ACL, which 252 demonstrates that the uncrimping of collagen fibers is not the only mechanism driving toe-region 253 properties. For example, collagen fiber crimp frequency has been found to be dependent upon the 254 number of preconditioning cycles that are applied 33 and it has also been suggested that crimp 255 frequency is heterogeneous along the length of a tendon. 19,52
256
The patellar, quadriceps, and semitendinosus tendons showed wider distributions of
